Introduction: Fat mass is the main predictor of the serum concentration of leptin, a 167-amino acid peptide hormone encoded by the obesity gene. There is no general agreement about other determinant factors of serum leptin, but attention has been focused on gender and sex hormones. The objective of this study was to describe gender differences in a population study and evaluate the individual contribution of life style characteristics, blood lipid pattern and sex hormones as determinants of serum leptin. Materials and Methodology: In a multipurpose, cross-sectional general health survey, ("Tromsø IV"-N = 27.159), conducted during the years 1994/95, measurement of leptin was performed in a sub sample of 1812 subjects. Multiple regression analysis was performed in order to establish the importance of each predictor. Results: Gender differences in leptin increased with increasing BMI, and the gender predicted 33 % of the variation of leptin. Differences in life style factors between men and women could not explain gender differences. Smoking, physical activity, testosterone and SHBG were independent negative predictive factors. Estradiol was positive predictive factor of serum leptin. However, all contributed to a small variation in serum leptin. A gender dimorphism was observed between serum leptin and serum testosterone and between serum testosterone and BMI. Conclusions: BMI and gender were strong predictors in variations in serum leptin. Life style factors and sex hormones were less predictive. Gender dimorphisms between leptin, testosterone and BMI indicate a complex relationship between body fat distribution and the two hormones.
INTRODUCTION
Leptin is secreted mainly by adipocytes and plays an important role in regulating food intake, energy expenditure and adiposity [1] . It has evolved from being a satiety signal to a regulatory and integrated hormone that communicates with both central and peripheral endocrine pathways resulting in metabolic effects on peripheral tissue (for review, see [2, 3] ). However, no human disease except for some casual reports on severe familiar adiposity has so far been directly linked to leptin [4, 5] .
Despite intensive general population research on serum leptin, only a few determining factors are well documented. It is generally accepted that serum leptin reflects the total adipocyte mass, and that serum leptin increases with increasing body fat mass [6, 7] . Moreover, the gender differences in serum leptin concentrations are 3-4 times higher in females than in males [8] . The mechanism behind this gender differences is not fully understood, but sex hormones have been claimed to be candidates [9, 10] . Serum leptin level may be influenced by factors such as physical activity [11] , smoking [12] , alcohol [13] , body fat distribution [14] , age [9] pre-and postmenopausal changes [9] and cholesterol/fat components [15] , though conflicting results have been reported. Small sample size, variation in adjustments for covariates, selected populations according to gender [7, 16] and age [16] , are all factors that may contribute to conflicting results.
Therefore, using a large general population sample is a major step to gain further knowledge about determinants of serum leptin. The aims of the present study are, -To describe gender differences in serum leptin level in the general population.
-To explore whether gender differences in serum leptin values can be explained by life style characteristics or blood lipid pattern when controlled for Body Mass Index (BMI), age and body shape.
-To explore whether sex hormones act as determinants of serum leptin values when life style characteristics, BMI, body shape, blood lipid pattern and age are controlled for.
MATERIALS AND METHODOLOGY

Subjects
A large multipurpose cross-sectional general health survey, ("Tromsø IV"), was conducted during the year 1994/95. The study is described in detail elsewhere [17] .
Subjects aged 25 or more in the municipality of Tromsø (N=35 443), were invited to participate in the first phase of the survey and 27 159 (77 %) attended. The first phase of the study included simple clinical measurements as well as completion of two questionnaires (Phase I). A subset of individuals, all men and women aged 55 -74 years and 5 -10% of the remaining age groups were invited to a second phase of the study (Phase II). In phase II 7965 individuals (78% of eligible) attended.
A strategic sub-sample from the Phase II population was selected for leptin analysis (N= 1812). The selection of individuals covered both gender, including both premenopausal and postmenopausal women. Blood samples taken throughout the year were further analysed. The characteristics of the Tromsø IV -Phase II/ TROST study and the population selected for leptin analyses are described in Table  1 .
Questionnaires
Besides gender and age the questionnaire included number of cigarettes smoked, hours of easy and vigorous physical activity per week and alcohol consumption. A physical activity score was outlined by adding together the hours of easy and vigorous physical activity, giving the number of hours of vigorous activity double weight. [18] . The score had a range from 3 -12 and was normally distributed. Female respondents were also asked to record whether they still menstruated and if not, the age at menopause was recorded.
Blood Samples
Between 0800 h and 1600 h, blood was drawn by venipuncture on a non-fasting basis. Sex hormones were analysed on Immulite 2000 (Diagnostic Products Corp. Los   Fig. (1) . Scatterplot of leptin versus BMI for underweight, normal weight and overweight women (□) and men (+). Separate regression lines for prediction of Leptin by BMI for women (-) and men (----) are added.
Angeles, CA, USA). Intra and inter assay variation coefficients based on assays of pooled human sera run in parallel each day, were in general low [18] . Leptin was analysed by a commercially available radio-immunoassay kit as described in a previous report [19] . Serum lipids were analysed as described previously [20] .
Physical Examination
Height and weight were measured in light clothing without shoes. BMI was calculated as weight in kilograms divided by the square of the height in meter (kg/m 2 ). Waist circumference was measured at the umbilical line, hip -girth at the widest circumference, and waist/hip -ratio was calculated.
Statistical Analyses
All data were analysed in SPSS statistical package for Windows, version 11.0 (SPSS Inc. Chicago, IL, USA). Descriptive analysis of all the key variables in men and women are shown in Table 2 . For regression analysis, missing values were substituted by means of EM algorithm in SPSS. In general, number of missing variables was about 5%. 20% of the answers were missing in the questions about alcohol consumption. All continuous variables were checked for distribution, and logarithmically transformed if skewness was detected. Using logleptin as the dependent variable, all variables previously shown to influence leptin levels, were added as explanatory variables in a multiple linear regression analysis. In some cases, gender specific analyses were made, in other cases, separate analyses according to subgroups of the sample were used.
The study was approved by the Regional Committee of Research Ethics and the Norwegian Data Inspectorate and performed according to the Declaration of Helsinki.
RESULTS
Gender Differences in Serum Leptin Level
In Table 2 , the gender difference in serum leptin level is shown. As expected, the leptin levels were significantly higher in women than in men. Moreover, gender differences in underweight, normal weight and overweight individuals were examined ( Fig. 1 A, B and C) . Fig. (1) shows that gender differences in serum leptin level were small in underweight (BMI<20) and normal weight individuals (BMI 20 -25), but increasing with increasing overweight (BMI >25). For all groups, the difference in mean value of leptin between men and women was statistically significant in all weight groups (data not shown). It should be noted that serum leptin increased with increasing BMI in all groups except for normal weight men.
As men and women differ in several life style characteristics and blood lipid pattern ( Table 2) , these characteristics may explain some of the gender differences in leptin values. All these variables were entered simultaneously in the multiple regression analysis. Table 3 shows that gender differences persist when lifestyle, BMI, body shape and blood lipid pattern were controlled for. However, BMI, physical activity level and smoking also entered the equation, but age, alcohol drinking and serum lipid pattern did not. The model explained 57.9 % of the total variance in leptin. The results were identical when the variables were entered in a forward stepwise regression procedure. Gender alone predicted 33 % of the variance. Adding BMI to the model increased the explained variation to be 55.8 %. The rest of the predicting variables contributed to 2 % of the variation in serum leptin level. For analysis of sex hormone contribution, separate linear multiple regression analysis for each gender was performed, due to the large differences in gender hormones in the two sexes. Due to the large number of respondents, subgroups could be analysed according to BMI.
As for analysis in men, all lifestyle variables, BMI, WHR, age, blood lipids and sex hormones were entered in the regression. Serum estrogen was at an undetectable level for a large percent of the men, and could not be entered into the analyses. Separate analyses were conducted for normal weight and overweight men ( Table 4) . In addition to BMI and testosterone, SHBG predicted leptin for overweight men, but the effect of SHBG was only found for those over 60 years (data not shown). None of the variables entered in the analyses predicted serum leptin level in normal weight men older than 60 years. BMI started to predict leptin in men over 65 years with BMI values > 27 kg/m 2 (Data not shown). In general, the model could predict only a small percent of the variance in serum leptin level. Using a stepwise regression procedure including all men, the contribution of testosterone in predicting leptin was only about 1 %.
Using total level of sex hormones as predictor variable, it is possible that biologically active free hormone fraction could produce a different result. To check this possibility, free testosterone level was calculated [18] and entered as predictor variable. The results were comparable with the results using total testosterone. However, DHEA predicted leptin level in addition to BMI and free testosterone, but the contribution of DHEA to explain variance was marginal (0.8 %).
Significant predictors for women are shown in Table 5 . In addition to subgroups by weight, subgroups according to menstrual status were created. Due to low number of individuals in the premenopausal overweight group (N=90), only variables which predicted leptin with a p value < 0.1 in all women, were included in this analysis. The percentages of variance in leptin level explained by the models were substantially higher compared with that in men. Different subgroups according to body weight and menstrual status, showed a different pattern with respect to which factors that Some of the women currently used HRT. Therefore, the analyses were repeated, resulting in slightly different results (data not shown). For all premenopausal women, estrogen predicted leptin (B = 0.07, t = 2.0, p=0.03), and the variance in leptin level explained by the model increased to 46.6%.
As testosterone predicted leptin in a different pattern in overweight men and women, the relationship between testosterone and BMI was explored by plotting testosterone versus BMI for both genders (Fig. 2) . Increasing BMI was associated with decreased testosterone in men, but not in women. In the subgroups of normal and overweight men, there were still an inverse relation between testosterone and BMI. In women, no relationship between testosterone and BMI in normal weight subjects was found. In overweight subjects the relationship turned to be positive (data not shown).
DISCUSSION
This study has shown that in the whole general population sample, BMI and gender were strong independent predictors of serum leptin. Serum leptin gender differences increased with increasing BMI. On the other hand, the effect was modest with respect to physical activity and smoking, whereas alcohol and age did not at all predict the variance in serum leptin. Neither life style factors nor serum lipid pattern could explain the gender difference. In general, the contributions of sex hormones were only marginal when corrected for life-style variables and serum lipid pattern. A much larger percent of the variance in serum leptin level could be explained in women compared to men, and in overweight individuals compared to normal weight individuals.
An important limitation of this study is that the crosssectional design will only provide associations between variables, not casual relationships. The sample size to some extent represents a limitation, as it was impossible to detail specific areas. The blood samples were non-fasting, but it is generally accepted that the effect of individual meals on serum leptin level is small [19] . More time consuming measures of body fat distribution would have been useful. On the other hand, the fact that the study was a multipurpose study represents a strength, as a large amount of variables are collected simultaneously at different levels, such as life-style variables, blood samples and physical examination. Moreover, the sample size allows for simultaneous study of many variables, both in the total sample as well as in subgroups.
It is generally accepted that BMI as a global indicator of body fat, is a predictor of serum leptin [6, 21] . This is also confirmed by our study. In our model, BMI alone explained 49.2 % of the variances of serum leptin in all women, but as low as 14.7 % in all men. In other population studies performing more exact measures of body fat, the models may explain the variance in serum leptin up to 70 % [22] .
When controlled for all other variables, smoking was an independent negative prediction factor of serum leptin in the total population sample, also among postmenopausal women. There are no general agreement on the relationship between serum leptin and smoking [12, 13] .
Moreover, physical activity was an independent negative predictive factor of serum leptin in the whole population sample. When adjusted for BMI, other studies have also shown a negative relationship between serum leptin and physical activity, as well as moderate intensity exercise training in women/girls, but not in men/boys [23, 24] . The explanation of this gender difference is unknown, but if testosterone is included in the total model for both genders in our material, the effect of activity is unchanged. This indicates that variation in testosterone level can not explain the gender differences.
The serum concentrations of cholesterol, HDL-cholesterol and triglyceride, were not predictive factors of serum leptin neither in the whole group nor in the subgroups. An exception was for postmenopausal women where HDLcholesterol at statistically significance level. This finding is in accordance with a previous report [25] . In some studies, [15] and especially in children [26] , independent predictive factor of the serum lipids on the serum leptin have been reported. The findings in our study are to some extent unexpected. Leptin has been proposed to have an important role in multiple metabolic pathways (for review, see [2] ). Moreover, in experimental models leptin administration induces changes in blood lipids [27] .
Differences in lifestyle could not explain the gender difference in serum leptin level reported by us. This finding is in agreement with other reports [8, 28] . In our study the global fat measure BMI was associated with serum leptin in all weight groups of women and overweight men, but not in normal weight men. The expression of mRNA leptin is higher in subcutaneous fat than in visceral adipose fat [29] , and females have a significant greater proportion of their fat mass in the subcutaneous fat depots [30] . The highly reduced contribution of BMI to predict serum leptin in men compared to female observed in our study, can be attributed to lower amount of subcutaneous fat in men. When using more specific measures of subcutaneous fat, such as sum of 4 skin fold test, these measures can explain around 70 % of the variations of serum leptin both in women and men [22] . However, there are still controversial whether gender dimorphism in serum leptin is accounted for by differences in adipose tissue distribution [8, 14] .
In agreement with the majority of previous reports (for review see [16, 31, 32] ), we found that testosterone levels were inversely associated with leptin levels in men. In addition a negative association between testosterone and leptin was also observed in women. In one report [33] this inverse association was observed in normal-weight women, but changed to a positive association in obese women. The discrepancy is hard to explain.
It is well established that testosterone levels are reduced in obese men and especially in men with abdominal obesity [34] . This was also confirmed in our data, as increased BMI was associated with a substantial reduction in testosterone in men. In women, however, an association between testosterone and BMI was only found in overweight women. Previous studies in women have indicated that abdominal obesity was positively associated with testosterone [35] , whereas in a cross sectional study [36] , the association was only found in postmenopausal women. In our study, the larger number of participants from a general population might explain these diverging results. Androgens are known to play an important role in normal fat distribution [37] . Lower testosterone levels have been reported to predict visceral obesity [38] , and replacement doses of testosterone decreases abdominal fat mass in men with low testosterone levels [39] . It is likely that testosterone plays a causal role in visceral fat accumulation. Therefore, it is interesting to note that subcutaneous fat, but not visceral fat, predicts serum leptin [40, 41] , and that there is a greater secretion of leptin in the former fat depots [42] . Thus, it is likely that the gender dimorphism in testosterone in subjects with increasing BMI, may reflect a greater deviation of fat accumulation towards abdominal fat rather than subcutaneous fat in men, compared with women. The same differentiation in fat depots between (obese) men and women could also explain the gender dimorphism of serum leptin with low and high leptin secreting adipocytes. Unfortunately our study was not designed to differentiate between fat deposits. Whether the gender dimorphisms in both leptin and testosteron secretion reflect negative opposing effects between these to hormones, is an interesting hypothesis that needs [43, 44] further investigation.
In women, estrogen was positively associated with leptin in agreement with previous reports [45, 46] , while no association was found between leptin and DHEAS in either gender. The relative contributions of sex hormones were only marginal, and may explain only 1% of the variance in serum leptin level for both genders.
It is well established that high BMI and obesity are associated with metabolic disturbances such as Type 2 diabetes, lipid disturbances and cardiovascular disease. Our and previous reports indicating BMI as the main predictor of leptin, may indicate that leptin is a potential mediator of these metabolic disturbances. So far there are no evidence of this causal relationship. Our study was a cross-sectional study without possibility to study potential causal link of leptin, but in the Tromsø 6 study just finished we are able to compare leptin levels in a prospective design and the correlations to the development of metabolic disturbances.
CONCLUSIONS
The present results confirm previous results, that BMI as a global measure of fat explains only some of the variations in serum leptin. The prediction is especially low in men. Gender differences increase with increasing BMI, and differences in life style parameters are independent, but weak predictors of serum leptin. The gender dimorphism is observed between serum leptin and serum testosterone, and between testosterone and BMI, suggesting a complex relationships between body fat distribution and the two hormones.
